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Available online 25 April 2008We report the ﬁrst full-length sequence of an endogenous retrovirus from the genome of domestic chicken,
that is not related to the Avian leukemia viruses (ALV). This retrovirus, designated ChiRV1, clusters with
Murine leukemia virus (MLV)-related retroviruses and hence is the ﬁrst complete gammaretrovirus from the
genome of a bird. Nevertheless it is not related to exogenous MLV-related retroviruses infecting chicken. The
provirus is 9133 bp long and contains 90%-identical LTRs as well as reading frames for the gag, pol and env
genes, interrupted by in-frame stop codons. Expression analysis showed that ChiRV1 is a transcribed provirus.
Screening of the chicken genome database revealed 100 ChiRV1-related sequences that are grouped into three
classes based upon LTR alignment and subsequent phylogenetic analysis.
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The genome of domestic chicken, Gallus gallus, is one of the in-
tensively studied genomes. Numerous classes of repetitive elements,
such as endogenous retroviruses, make up 9% of the chicken genome
(ICGSC, 2004).
Retroviruses are currently classiﬁed into seven genera designated
α-, β-, γ-, δ-, ɛ-retroviruses, spumaviruses and lentiviruses (van Re-
genmortel et al., 2000). Alpharetroviruses (also known as ALV genus)
comprise the only genus conﬁned to birds. Two groups of chicken
endogenous retroviruses have been described previously: ev loci and
EAV group with subgroups EAV-HP, EAV-0, E33/E51 (Borisenko and
Rynditch, 2004). All of them are ALV-related and thus belong to al-
pharetroviruses. Recently it has become apparent that some gammar-
etroviruses, namely endogenous MLVs, are widespread within the
genomes of all four classes of terrestrial vertebrates (Martin et al.,
1999). Nevertheless these elements are only partially characterized,
being mostly sequenced in the pro–pol region.
Here, we describe an endogenous chicken retrovirus ChiRV1. The
phylogenetic analysis indicates that this element clusters with MLV-
related retroviruses and therefore is the ﬁrst full-length γ-retrovirus
identiﬁed in the genome of domestic chicken.senko), volodyas@img.cas.cz
l rights reserved.Results and discussion
ChiRV1 genomic structure
The strategy for cloning of ChiRV1 was as follows. First, using
degenerate PCR primers, we have cloned and sequenced the protease
(pro) and reverse transcriptase (pol) genes of ChiRV1 from genomic
DNA of domestic chicken (line CB). Then, in order to ﬁnd a complete
retroviral sequence, the sequences obtained were screened against a
chicken genome database (http://www.genome.wustl.edu/genome.
cgi?GENOME=Gallus%20gallus; released May 2006) with the chicken
genome browser of the University of California Santa Cruz (http://
genome.ucsc.edu/cgi-bin/hgGateway). Upon identiﬁcation of putative
LTRs, we designed PCR primers to amplify the full-length retrovirus
from the same domestic chicken line CB. Finally, the full-length
retrovirus thus obtainedwas again used to screen the chicken genome
database as well as the GenBank/EMBL/DDJB databases.
The chicken genome database consists of sequences of red jungle
fowl (G. g. gallus), the progenitor of domestic chicken (G. g .domesticus).
Our analysis showed that the ChiRV1 provirus, that has been se-
quenced from the genome of domestic chicken and ChiRV1 from the
chicken genome database presented a high level of identity (99.3%).
The ChiRV1 provirus was found to be 9133 bp in length, and has the
usual genomic organization consisting of LTR-gag-pol-env-LTR (Fig. 1).
The 5′ and 3′ LTRs of ChiRV1 are 720 bp in length and contain
putative polyadenylation signals AATAAA as well as the TATA-box. The
5′ and 3′ LTRs are about 90% identical. The primer binding site (PBS) of
Fig. 1. Genetic map of ChiRV1 provirus. Structural features and conserved motifs are indicated with their positions (bp) in the ChiRV1 genome. Their borders are shown as dashed
lines. Full lines indicate stop-codons (shown for coding sequences only) at the following positions: 1626, 1629, 2838 (gag stop), 5026, 5782, 5966, 6224 (pol stop), 6267, 6456, 8361
(env stop). See text for other explanations.
Fig. 2. Southern blot hybridization of RT-PCR products. 1 – RT-PCR on RNA from embryo
ﬁbroblasts, 2 – negative control (without reverse transcriptase) on RNA from embryo
ﬁbroblasts, 3 – RT-PCR on RNA from v-src-induced tumor, 4 – negative control on RNA
from v-src-induced tumor.
200 L. Borysenko et al. / Virology 376 (2008) 199–204ChiRV1 is complementary to tRNAPro. The canonical dinucleotides TG/
CA terminate the ChiRV1 provirus.
Similarly to many endogenous retroviruses, ChiRV1 is not an intact
retrovirus having many in-frame stop codons (Fig. 1). In addition to
those indicated at Fig.1, there are eightmore stop codos.We eliminated
them by adding 1-bp (positions 1552, 3732) and 2-bp (positions 3222
4476, 6459, 6513, 6548, 7833) insertions to the DNA sequence to
maintain the open reading frame (these artiﬁcial insertions are not
present in the ChiRV1 sequence submitted to GenBank). Despite ChiRV1
defectiveness, many protein motifs conserved among different retro-
viruses could be assigned to its deduced amino acid sequence.
ChiRV1 gag is 1.5 kb in length. The deduced amino acid sequence
contains a late (L) domain (PPPY) required for efﬁcient budding
(Demirov and Freed, 2004) as well as a major homology region (MHR)
within the capsid protein and one Cys-His box within the nucleo-
capsid (Vogt, 1997).
Polwas found to be 3.4 kb in length and its ORF is in frame with the
gag ORF although the two genes are separated by a stop codon. Pol
has the typical organization of Pro, RT/RnaseH, Int with a conserved
protease-active center (DTG), a reverse transcriptase-active center
(YVDD) and two integrase motifs: zinc-binding (HHCC) and putative
core (DD35E) (Haren et al., 1999).
Env extends for 2.2 kb and contains an immunosuppressive
domain (ISU), a Cys-domain and a transmembrane domain (Benit
et al., 2001). The polypurine tract (PPT) of 16 nucleotides located
immediately upstream of the 3′ LTR can be clearly seen as well. Com-
pared to pol, the env gene seems to be in a different reading frame,
although many stop codons at the pol-env border make it impossible
to locate the exact beginning of env.
ChiRV1 expression
To determine ChiRV1 expression, we performed RT-PCR analysis
with RNA prepared from embryo ﬁbroblasts and the v-src induced
tumor. An expected product of 833 bp (positions of primers used for
RT-PCR: 2928 and 3761 in ChiRV1 genome) can be seen after hybri-
dization with a probe ampliﬁed from chicken genomic DNA by the
same primer pair (Fig. 2). In addition, Blast searches revealed many
chicken ChiRV1-related sequences in the GenBank EST database that
conﬁrmed ChiRV1 transcription activity.
Evolutionary relationships of ChiRV1
To study the phylogenetic relationships of the novel chicken endo-
genous retrovirus, a phylogenetic tree was constructed (Fig. 3). We
compared 142 amino acid residues of reverse transcriptase (from do-main 1 to 5 as indicated by Xiong and Eickbush, 1990) from 33 re-
troelements representing all known retroviral groups. It is clear that
there is strong bootstrap support for a clade containing ChiRV1 and
HERV-I and hence for inclusion of ChiRV1 into the group of gamma-
retroviruses. Thus ChiRV1 is the ﬁrst chicken provirus that is not related
to ALV and is a member of the gammaretrovirus group.
Several features of the genomic organizationof ChiRV1 andMLV are
consistentwith the close phylogenetic relationships that exist between
these viruses. They encode gag and pol in the same ORF and therefore
synthesis of the gag–pol polyprotein appears to be mediated via
suppression of termination (Swanstrom andWillis,1997). Both ChiRV1
and MLV have a tRNAPro binding site, whereas the other chicken en-
dogenous retroviruses known to date, namely ALV-related, have a
tRNATrp binding site. Some amino acid motifs of ChiRV1, e.g. im-
munosuppressive domain, Cys-domain and transmembrane domain
(Benit et al., 2001), are more similar to motifs of MLV-related retro-
viruses, especially HERV-I, than to those of other retroviral groups.
Phylogenetic analysis also showed that ChiRV1 is not clustered
with reticuloendotheliosis viruses (REVs) — REV-A, duck spleen
necrosis virus (SNV) and chicken syncytial virus (CSV). The latter
virus is the only MLV-related exogenous retrovirus infecting chickens.
As suggested, REVs are of mammalian origin and their presence in the
avian genome is the result of horizontal transmission (Martin et al.,
1999). REVs are exogenous retroviruses and no endogenous REVs have
been identiﬁed in birds so far. Moreover our analysis revealed no REV-
related sequences in the chicken genome database using the available
GenBank sequences of REVs.
Fig. 3. Phylogenetic relationship between ChiRV1 and other retroviruses. Bootstrap values per 1000 replicates are indicated for the major branches.
201L. Borysenko et al. / Virology 376 (2008) 199–204ChiRV1 demonstrates low similarity with all known retroviruses,
whether endogenous or exogenous. The highest level of similarity is
observed with HERV-I: 50% at the nucleotide level and 62.5% for theTable 1
Characterization of gene-containing ChiRV1-related sequences identiﬁed
Structurea Subgroup Gene similarity to ChiRV1 at regions
of the highest homology, %
Location on
chromosomec
LTR-gag-
Δpol-Δenv
ChiRV1-C 99,3 Un_random;
50173210–50182058;
minusd
LTR-Δgag-
pol-Δenv
ChiRV1-C 99 Un_random;
6634983–6642235;
minus
LTR-Δgag ChiRV1-C 66,9 Un_random;
34062866–34064917;
plus
LTR-Δgag ChiRV1-A 65,8 Z; 66303731–
66305791; plus
ΔLTR-
Δgag
NDb 67,5 4:21086210–
21087570; plus
ΔLTR-
Δgag
ND 65,8 Z;66304431–
66305791; plus
ΔLTR-
Δgag
ND 67,5 Z;42563599–
42564814; plus
env-LTR ChiRV1-C 94,6 Un_random;
40388447–40392100;
plus
Δenv-LTR ChiRV1-C 94,6 Un_random;
17443313–17445150;
minus
Δenv-LTR ChiRV1-B 78,9 1;76556852–
76558033; plus
Δenv ND 79,3 1;106313664–
106314261; minus
a In comparison with ChiRV1; Δ – deleted sequence.
b ND, not determined. Because of the absence or deletion of LTR, it was not possible to
determine a subgroup.
c Chicken genome browser of the University of California Santa Cruz, released May
2006.
d Chromosome number or virtual chromosome (chrUn_random); position; plus or
minus strand.amino acid pol sequences used in Fig. 3. Blast searches showed that
amino acid sequence identity between ChiRV1 and sequences avail-
able in GenBank do not exceed 38%. Only in the case of the envelope
protein, 49–51% identity is observed with the ERVPb1 envelope gene
of hominoids and OldWorldmonkeys (Aagaard et al., 2005). However,
ERVPb1 itself contains signiﬁcant similarity to HERV-I (for instance,
66% at the nucleotide level with ERVPb1 from chimpanzee), suggest-
ing its inclusion in the same HERV-I related group.
ChiRV1-related sequences in the chicken genome database
Screening of the chicken genome database revealed 100 ChiRV1-
related sequences. Most of them (61) are solo-LTRs with ﬂanking
target site repeats,12 represent retroviral genes adjacent to the 5′ or 3′
LTR, and others are LTRs without nearby genes or target site repeats.
The structures of the LTR-gene junctions detected are shown in
Table 1. As can be seen, there is no full-length ChiRV1 in the genomic
database of G. g. gallus. Since, using LTR primers we successfully
ampliﬁed the complete provirus from the genome of G. g. domesticus,
it is unlikely that this is due to the real truncation of ChiRV1 in the
genome of its progenitor G. g. gallus. It is more reasonable to assume
that this situation arose as a result of the unﬁnished status of the
sequencing of the red jungle fowl genome (approximately 95% of the
sequence has been anchored to chromosomes in the release of MayFig. 4. Southern blot hybridization of SacI-digested chicken genomic DNA.
202 L. Borysenko et al. / Virology 376 (2008) 199–2042006). For example, the retrovirus could integrate in regions that are
difﬁcult to sequence (interestingly, the longest ChiRV1-related
sequences are in unanchored contigs that could not be localized to a
chromosome). Such an explanation is evenmore reliable in the case of
low-copy sequences.
The presence of MLV-related retroviral sequences in the chicken
genome has been conﬁrmed by Southern blot hybridization of a pol-
fragment to SacI-digested chicken genomic DNA. This showed one
band of about 7 kb (Fig. 4), and therefore conﬁrmed that the provirus
is present at least in one copy.
To analyze phylogenetic relationships of ChiRV1-related sequences,
we constructed a phylogenetic tree from LTRs only, since all the
sequences contain them. The analysis showed that there are three
distinct groups of ChiRV1-related LTRs, which we designated as
subgroups ChiRV1-A, ChiRV1-B and ChiRV1-C (Fig. 5). Subgroup B is
more closely related to ChiRV1 (subgroup C): there is on average 60% of
homology between the two groups, whereas subgroup A demonstrates
50% homology. The members of these groups have almost identical
PBSes for tRNAPro but different PPTs. Their common features include 4-
bp (and only in 5 cases: 5 bp) tandem repeats ﬂanking solo-LTRs. Both
in subgroup A and B a polyadenylation signal AATAAAA can be detected,
whereas, as opposed to ChiRV1, the usual promoter (TATA-box) is
absent. In some cases, the LTRs extend for about 1000 bp (see
Supplementary data), making them some of the longest known LTR.Fig. 5. Unrooted LTR-based neighbor-joining tree of ChiRV1-related sequences from the chic
replicates are indicated for the major branches. For the nucleotide sequence alignment
Supplementary data.For the ChiRV1-B and ChiRV1-A subgroups, only one gene sequence
adjacent to their LTRs has been found. However, for four sequences
presented in the Table 1, it is not possible to ﬁnd full-length LTRs and
hence to place them in any subgroup.
All ChiRV1-related sequences with genes contain numerous in-
frame stop codons and therefore are unlikely to produce viral par-
ticles. Other known chicken endogenous retroviruses belonging to the
ALV genus, especially those which are old, are also defective (Bori-
senko and Rynditch, 2004).
Probably truncated sequences with low similarity to ChiRV1, re-
present more ancient ChiRV1-related retroviruses. The chicken ALV-
related endogenous retroviruses also have different evolutionary ages.
A rough estimation based on the study of retroviral distribution in
related species, shows that modern ev loci integrated into the host
genome quite recently (they are present in the G. gallus genome only)
but the oldest ALV-related sequences have been associated with
galliform birds lineage for at least 50 million years (Dimcheff et al.,
2000). The same process of repeated integration might have taken
place in the case of MLV-related retroviruses.
Because LTRs were identical at the time of integration, the level of
their differences indicates the relative integration time, and therefore
serves as amolecular clock (Johnson and Cofﬁn,1999). At present, based
on the nucleotide differences between LTRs, we cannot estimate the
time of ChiRV1 integration, as there is no reliable data on evolutionaryken genome database. Three major subfamilies are indicated. Bootstrap values per 1000
used to construct the tree, and for positions in the chicken genome database, see
203L. Borysenko et al. / Virology 376 (2008) 199–204rates of pseudogenes and noncoding regions for avian genes. Moreover,
differences between LTRs do not always show the time of provirus
emergence in the host genome but the time of most recent provirus
activity. For example, modern ev loci have 100% of identity between
their LTRs. On the other hand, despite its ancient age, full-length EAV
also demonstrates more than 97% (in some cases even 100%) identity
between its 5′ and 3′ LTRs. This is the result of provirus expression and
subsequent reintegration into a novel locus of the host genome. Indeed,
screening of EST databases and RT-PCR analysis show that all ALV-
related chicken retroviruses are expressed (Borisenko et al., 2004). By
contrast, ChiRV1 expression seems not to lead to its reintegration.
In spite of these facts, it is possible to make a few assumptions
about the evolutionary history of ChiRV1.
First, recently acquired retroelements present very low, if any,
differences between 5′ and 3′ LTRs. 90% identity between 5′ and 3′
LTRs of ChiRV1 indicate that this element has not been active in the
chicken lineage for a long time. This observation is conﬁrmed by
numerous in-frame stop codons in ChiRV1 genes. Since many endo-
genous retroviruses seem devoid of function, they accumulate
mutations, and therefore old retroelements are usually more defective
compared with recently acquired sequences (reviewed in Borisenko,
2003).
Second, retroviruses related to ChiRV1 are widely distributed.
CERV1 clusters together with HERV-I-related proviruses and forms an
isolated, monophyletic group widespread within the genomes of ﬁsh,
reptiles, birds and mammals (Martin et al., 1997). For example, an
endogenous retrovirus very similar to ChiRV1, was sequenced from
the sparrow genome (Fig. 3): 55.2% identity at the pro–pol junction.
For the pro–pol junctions in other birds, the highest DNA identity
varies as follows: ChiRV1-RVpartridge: 50.2%; ChiRV1-RVpigeon: 52%.
Taking into consideration the distribution of similar retroviruses
among such phylogenetically distant species as chicken and sparrow,
we should, however, keep in mind the possibility of interspecies virus
transmission. As has been shown by Martin et al. (1999), transmission
of MLV-related endogenous retroviruses occurs between host classes
(i.e. between mammals and birds) as well as within them.
The well-known hypothesis of Doolittle et al. (1989) suggests that
exogenous retroviruses exist only for short periods of time and are
transmitted as endogenous elements for long periods. Among endo-
genous chicken retroviruses, only modern ev loci have exogenous ALV
relatives. There is no evidence for exogenous counterparts of HERV-I-
related retroviruses, which thus is a group acquired long ago. On the
other hand, the transfer of REVs from mammals to birds was a com-
paratively recent event: these retroviruses have not yet integrated into
germ lines and therefore do no have endogenous counterparts (Martin
et al., 1999).
If this is the case, the association of at least two MLV-related re-
troviruses with the chicken – endogenous ChiRV1 as well as exo-
genous CSV – suggests that horizontal transmission between birds and
mammals was not a single event.
Materials and methods
Cloning and sequencing
To sequence ChiRV1 pro and pol genes we used degenerate oligo-
nucleotide PCR primers (PRO 5′ g t t/g tti g/t t i g a t/c aci ggi g/t c and
JO 5′ ati agi a g/t a/g t c a/g tci a c a/g ta, where “i” is inosine) designed
to amplify the pro–pol region fromdifferent retroviral genera (Tristem,
1996). PCR was carried out with 150 pmol of each primer, 300 ng of
DNA isolated from chicken (line CB) embryo ﬁbroblasts and 5 U of Taq
polymerase in the presence of 50 mM KCl, 10 mM Tris–HCl, pH 8.3,
1.5mMMgCl2 and 200 μMdNTPs. Thermocycling conditions included:
a pre-ampliﬁcation step at 80 °C for 2 min followed by 35 cycles at
45 °C for 30 s, 72 °C for 60 s, 94 °C for 20 s, then 1 cycle at 45 °C for
3 min and at 72 °C for 7 min. The PCR products were electrophoresed,the expected 850-bp product excised, cloned into the T-vector system
(Invitrogen) and sequenced.
The main set of PCR and sequencing primers, designed to amplify
and sequence the full-length retrovirus, included four primer pairs:
ltr1 (TACCCAGCTAGTGGGGAAAC) plus cerv1 (GGACTGTCCACCGA-
TACTGC); cerv2 (ATGGGTTGTTGGAACCATGT) plus cerv3 (AAG-
GACTGGCAATTTGGTTG); cerv4 (CAGCCCATAGTTCAGGTGGT) plus ltr2
(GGGCATGGATATGACAGGTT); and env1 (CAACCAAATTGCCAGTCCTT)
plus ltr3 (GCTGGGTACTCCAGGTTCAC). Thermocycling conditionswere
as follows: a pre-ampliﬁcation step at 94 °C for 2 min followed by
30 cycles at 94 °C for 1min, a 40 s annealing step (at 55 °C for the env1–
ltr3 pair; 59 °C for the ltr1–cerv1 pair; 60 °C for the cerv2–cerv3 and
cerv4–ltr2 pairs), 72 °C for 4min and a ﬁnal elongation step at 72 °C for
7 min). PCR was carried out with 20 pmol of each primer, 300 ng of
genomic DNA and 1 U of Taq polymerase in the presence of 50mMKCl,
10 mM Tris–HCl, pH 8.3, 1.5 mM MgCl2 and 200 μM dNTPs. The PCR
products were electrophoresed, excised, cloned into the T-vector
system and sequenced. For sequencing, in addition to the four
mentioned primer pairs, 11 other primers were used: env2 GAGA-
GATTTGCAGGCTCCAC (annealing temperature 55 °C), 1.1-rev-1 GCAA-
CATCCTACCACCCCTA (59 °C), 1.1-frw-1 CCCTTCTCAGCTGTCCTCAC
(59 °C), 1.1-rev-2 TTGCAGGCCAGGTCTTACTT (59 °C), 1.1-frw-2
CCACCCCGTATCTAGGGATT (59 °C), 2.2-frw-1 ACTTTCAGTGCGAAGC-
GAGT (60 °C), 2.2-rev-1 CCCTGTCCCCCAGTTTTAAT (Tm=60 °C), 2.2-
frw-2 ATGGATCCGACAAAAATTGG (59 °C), 2.2-rev-2 TTCAC-
CACGTGTTCCACTGT (59 °C), 5.3-frw CGGTCCACTCTCCCATCTAA
(60 °C), 5.3-rev CCAAATATGGTGGTGGCTTC (60 °C).
The sequence of ChiRV1 has been submitted to the EMBL/GenBank/
DDJ databases with the Accession No DQ280312.
Southern blot hybridization
Genomic DNA from the chicken line CB was extracted, digested
with SacI, and probed with a 32P-labelled pol-fragment of ChiRV1 in
stringent hybridization conditions according to the standard protocol
(Sambrook et al., 1989).
RT-PCR
We used total RNA from 18 day chicken (line CB) embryo ﬁbro-
blasts and total RNA from the tumor induced by injection of v-src DNA.
Reverse transcription was carried out using “First Strand cDNA
Synthesis Kit for RT-PCR” (Roche) and according to the protocol of
the manufacturer – with 2 μg of RNA, 20 U of AMV-reverse tran-
scriptase and other necessary ingredients, at 42 °C for 1 h. PCR was
performed in 50 μl reaction mixture in the presence of 3 μl of cDNA,
2 U of Taq polymerase, and degenerate primers PRO and JO. To verify
RT-PCR products, Southern blot hybridization (with a probe ampliﬁed
from genomic DNA by the same primer pair) in stringent conditions
was performed.
Phylogenetic analysis
Five RT domains (Xiong and Eickbush, 1990) from representative
members of recognized retroviral groupswere aligned using the PHYLIP
3.5 computer package (Felsenstein, 1989) and then used for the
construction of the neighbor-joining tree. The retroviral RT amino acid
sequences of 33 retroviruses taken for the analysis were: Moloney
murine leukemia virus, Mo-MLV (accession AF033811); Feline leukemia
virus, FeLV (AF052723); Gibbon ape leukemia virus, GaLV (AAC80264);
Duck spleen necrosis virus, SNV (DQ237902); Human endogenous
retrovirus type E, HERV-E (M10976); Human endogenous retrovirus
type I, HERV-I (M92067); Mason–Pﬁzer monkey virus, MPMV
(NC_001550); Simian AIDS virus type 2, SRV-2 (AF126467); Mouse
mammary tumor virus, MMTV (M15122); Rous sarcoma virus, RSV
(AF033808); Human T-lymphotropic virus 1, HTLV-1 (D13784); Bovine
204 L. Borysenko et al. / Virology 376 (2008) 199–204leukemia virus, BLV (NC_001414); Human immunodeﬁciency virus type
1, HIV-1 (K03455); Feline immunodeﬁciency virus, FIV (M25381);
Human spumaretrovirus, HSRV (NC_001795); Walleye dermal sarcoma
virus, WDSV (AF033822); walleye epidermal hyperplasia virus type 1,
WEHV-1 (AAD30048); walleye epidermal hyperplasia virus type 2,
WEHV-2 (AAC59311); Porcine endogenous retrovirus ERV-PK15, PERV-
A (AF038601); Porcine endogenous retrovirus, PERV-B (Y17013);
Baboon endogenous retrovirus, BaERV (D10032); Zebraﬁsh endogenous
retrovirus, ZFERV (AF503912); Feline endogenous retrovirus, ECE1
(P31792); Xenopus laevis endogenous retrovirus, Xen1 (AJ506107);
Chicken syncytial virus, CSV (DQ237904); Reticuloendotheliosis
virus isolate REV-A, REV-A (DQ237900); Partridge endogenous retro-
virus, RV-partridge (AJ236126); Pigeon enogenous retrovirus, RV-pigeon
(AJ236133). For the chicken endogenous retroviruses ev-1, E33/E51, EAV-
0, EAV-HP, see (Borisenko and Rynditch, 2004). For the sparrow
endogenous retrovirus RV-sparrow, see (Herniou et al.,1998). For protein
sequence alignment used to construct this tree, see Supplementary data.
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